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We examined the thermal structure of the crust across complex deformation zones in SW Turkey using the
Curie Point Depth (CPD) estimates and made comparisons of the thermal state of the crust with the seismic
activity to provide insights for spatial limits of brittle failure in this region. The CPD estimates of SW Turkey
from 80 overlapping blocks vary from 9 to 20 km. SW Turkey has two regions of shallow CPD. The shallow
CPD region in the Us¸ak-Afyon zone in western part of the study area is caused by upper crustal thinning and
shallowing of high conductivity lower crust. The other shallow CPD region is in the Central Anatolian Volcanic
Province in the eastern part of the study area and is thought to be related to the presence of silicate melts in the
shallow-level crust. A NNW-SSE trending belt of deep CPD region separates these two zones and is located along
the boundary of high (west) and low (east) seismic activities. It is interpreted that the regional thermal structure
in SW Turkey is mainly controlled by the processes associated with the African-Eurasian plate convergence
zone. The N-S lithospheric extension above the subducting slab created a thermal dome in Western Anatolia
in response to upwelling of asthenosphere. Post-collisional magmatism of Neogene-Quaternary age generated
another thermal dome in the eastern area. Comparison of the CPD variations with the seismic activity has shown
that large earthquakes occur near the margins of the inferred regional thermal domes. Low seismic activity within
the regionally active seismic areas seems to be associated with shallow CPD and high heat ﬂow.
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1. Introduction
Thermal structure of the crust determines modes of de-
formation, depths of brittle and ductile deformation zones,
regional heat ﬂow variations, seismicity, subsidence/uplift
patterns and maturity of organic matter in sedimentary
basins. One of the methods of examining thermal structure
of the crust is the estimation of the CPD, using aeromag-
netic data. The CPD is known as the depth at which the
dominant magnetic mineral in the crust passes from a fer-
romagnetic state to a paramagnetic state under the effect of
increasing temperature (Nagata, 1961). For this purpose,
the basal depth of a magnetic source from aeromagnetic
data is considered to be the CPD. Thermal structure of the
crust involving CPD estimations have been published for
various tectonic settings (e.g., Vacquier and Afﬂeck, 1941;
Smith et al., 1974, 1977; Bhattacharyya and Leu, 1975; By-
erly and Stolt, 1977; Shuey et al., 1977; Blakely and Has-
sanzadeh, 1981; Connard et al., 1983; Okubo et al., 1985,
1989; Blakely, 1988; Okubo and Matsunaga, 1994; Hisarli,
1996; Banerjee et al., 1998; Tanaka et al., 1999; Badalyan,
2000; Dolmaz et al., 2005).
Active deformation of Turkey is controlled by the
African-Eurasian plate convergence zone (Fig. 1). The con-
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vergence zone is marked by the Hellenic trench and arc
in the west and the Bitlis-Zagros Suture Zone further east
in SE Anatolia (S¸engo¨r and Yılmaz, 1981; Dewey et al.,
1986; Yılmaz et al., 1993). The collision of the Arabian
Platform with Anatolia along this suture zone commenced
in Early Miocene and the convergence is continuing today
at a rate of 6 mm/y (Reilinger et al., 1997; McClusky et
al., 2000). Two transform faults were formed in the Late
Miocene-Pliocene period to accommodate westward tec-
tonic escape of the Anatolian Plate from the collision front
(McKenzie, 1972, 1978; S¸engo¨r and Yılmaz, 1981; Barka,
1992); the dextral North Anatolian Transform Fault Zone
(NATFZ) and the sinistral East Anatolian Transform Fault
Zone (EATFZ, Fig. 1). The western part of the Anatolian
Plate rotates anti-clockwise and moves southward towards
the Hellenic trench at a rate of ca. 30 mm/y and forms one of
the most rapidly extending areas of the world (Reilinger et
al., 1997; McClusky et al., 2000). The extending region ter-
minates gradually in the central part of the Anatolian Plate
to the north of the Cyprus margin. This area, known as
the “Ova Province” (S¸engo¨r and Yılmaz, 1981), shows lit-
tle seismicity, indicating low internal deformation and co-
herent motion of the Anatolian Plate (Taymaz et al., 1991;
Saunders et al., 1998).
In this paper, we describe thermal structure of the crust
in SW Anatolia across the West Anatolian Extensional
Province in the west and the “Ova Province” in the east. A
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Fig. 1. Simpliﬁed tectonic map of Turkey and adjoining regions, showing the African-Eurasian plate boundary and the neotectonic provinces (modiﬁed
after McKenzie, 1972, 1978; S¸engo¨r and Yılmaz, 1981; Barka, 1992; Reilinger et al., 1997; McClusky et al., 2000). The dashed rectangle shows the
location of the study area, structural details of which are given in the inset (modiﬁed after Bozkurt, 2001). Abbreviations: NATFZ, North Anatolian
Transform Fault Zone; EATFZ, East Anatolian Transform Fault Zone; FBFZ, Fethiye-Burdur Fault Zone; AAFZ, Afyon-Aks¸ehir Fault Zone; EFZ,
Eskis¸ehir Fault Zone; TGF, Tuz Go¨lu¨ Fault; TGB, Tuz Go¨lu¨ Basin; WAEP, West Anatolian Extensional Province; CAVP, Central Anatolian Volcanic
Province; CAOP, Central Anatolian Ova Province. Coastlines and lakes are also shown.
Fig. 2. Azimuthally averaged log power spectrum of the reduced to pole data. The box represents the band-pass ﬁlter amplitude response. The response
function of the band-pass ﬁlter is also shown.
power spectrum technique was applied to the aeromagnetic
data in order to estimate the CPD in this region. We show
that the boundary between the two zones is characterized by
a ca. 100 km wide, NNW-SSE trending low heat ﬂow zone.
We also demonstrate here that the regions of hotter crust in
SW Anatolia are characterized by lower seismic activity.
1.1 Geological setting
The West Anatolian Extensional Province (WAEP) is
bordered by the North Anatolian Transform Fault (NATF)
in the north, the dextral Eskis¸ehir Fault Zone (EFZ) and the
Afyon-Aks¸ehir Fault Zone (AAFZ) in the east and the sinis-
tral Fethiye-Burdur Fault Zone (FBFZ) in the south (Fig. 1).
The intense seismic activity in the WAEP is conﬁned to
NE-SW and WNW-ESE trending narrow fault zones that
are characterized by normal or oblique-slip normal faults
(Bozkurt, 2001). The horst blocks bordered by these fault
zones in the WAEP are aseismic or show little, dispersed
seismic activity. The seismically active extensional ter-
rain in the west is bordered by an aseismic or low seis-
micity region towards the Central Anatolian Ova Province
(CAOP). The CAOP is located at the hinterland of the
Cyprus-Eratosthenes Seamount collision zone and is char-
acterized by a thicker crust, presence of thick and wide Neo-
gene Basins and Plio-Quaternary volcanoes (Anastasakis
and Kelling, 1991; Robertson, 1998). The CAOP, character-
ized by low seismic activity, is a vast ﬂat terrain, bordered
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Fig. 3. The band-pass (full pass 10–65 km) ﬁltered map, used for the CPD calculations. The map was subdivided into 80 overlapping blocks (90×90
km). Each block is denoted by a number at its center. Locations of the faults are also shown.
by the dextral Tuz Go¨lu¨ Fault (TGF) in the east (Fig. 1).
This ﬂat terrain is underlain by a major Neogene intra-
continental basin (i.e. the Tuz Go¨lu¨ Basin; Go¨ru¨r et al.,
1984; S¸engo¨r et al., 1985; C¸emen et al., 1999; Fig. 1). An
ophiolitic suture zone, the Inner-Tauride Suture, is thought
to exist beneath the Tuz Go¨lu¨ Basin (TGB; Fig. 1). The to-
tal thickness of sediments within the TGB reaches ca. 10 km
(Go¨ru¨r et al., 1984; Gu¨rbu¨z and Evans, 1991). The area to
the east and southeast of the TGF comprises metamorphic
rocks and Neogene-Quaternary volcanoes. The volcanoes
form the highest mountains in this region and constitute
a wide volcanic province, known as the Central Anatolian
Volcanic Province (CAVP; Pasquare et al., 1988; Toprak
and Go¨ncu¨og˘lu, 1993; Le Pennec et al., 1994; Tankut et
al., 1998; Aydar and Gourgaud, 2002). The Neogene and
Quaternary CAVP represents magmatism related to the con-
tinental collision between the Afro-Arabian and Eurasian
plates (Pasquare et al., 1988). The CAOP is bordered to the
south by the mountains of the Taurus belt (Fig. 1). The Tau-
rides comprises a series of nappe piles formed in the Late
Mesozoic to Mid-Miocene period (O¨zgu¨l, 1976; O¨zkaya,
1990; O¨zgu¨l et al., 1991; Andrew and Robertson, 2002).
1.2 Previous geophysical studies
Preliminary heat ﬂow data of Tezcan (1979) and Tezcan
and Turgay (1989) show some regional heat ﬂow anomalies
of above 120 mW/m2 in the WAEP. The mean value of
heat ﬂow for Western Anatolia is 107±45 mW/m2 based
on the silica geothermometry and 97±27 mW/m2 for the
conventional heat ﬂow data. These values are 60% above
the world average (I˙lkıs¸ık, 1995). Central Anatolia has a
range of heat ﬂow anomalies between 20 to 100 mW/m2
(Tezcan and Turgay, 1989). Heat ﬂow values based on silica
geothermometry vary between 66 and 247 mW/m2 (I˙lkıs¸ık,
1995) in this region. The mean heat ﬂow value using both
the silica and gradient techniques is about 158±35 mWm−2
in the CAVP (I˙lkıs¸ık et al., 1997).
The resistivity model for a NW-SE proﬁle from magneto-
telluric (MT) data in SW Anatolia provided invaluable in-
sight concerning the variation in depth of the transition from
resistive upper crust to conductive lower crust (Gu¨rer et al.,
2004). The southern part is characterized by a thick (40–50
km) resistive (>2000 m) upper crust and thin conductive
lower crust. On the other hand, the northern part is charac-
terized by a thin (10 km) resistive upper crust and a highly
conductive (10 m) lower crust.
From structural studies and seismic strain rates the
stretching factor of the crust across Western Anatolia has
been estimated to be ca. 1.25 (Eyidog˘an, 1988; Paton,
1992). The unstretched crust in Central Anatolia is ca. 38
km thick. The crust thins westward to 34 km near Us¸ak,
and 22 km in the Aegean Sea (Saunders et al., 1998).
2. Aeromagnetic Data and Processing Techniques
The aeromagnetic data were collected by the Mining and
Research Exploration Company of Turkey (MTA) along
ﬂight lines spaced at 1–3 km proﬁle intervals at an eleva-
tion of 600 m above ground level in period of 1978–1989.
The direction of the ﬂights was perpendicular to the regional
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Fig. 4. Examples of power spectrum for estimation of the CPD using the
two dimensional magnetic anomaly data of the block, number 63 (see
Fig. 3 for location). 10.3 and 2.9 km are obtained as the centroid and







, where |s| is the wavenumber and P(s) is the radially averaged
power spectrum.
strike of the Taurides (generally N-S) (Aydın and Karat,
1995; Ates et al., 1999). The International Geomagnetic
Reference Field (IGRF) for the 1982.5 was then subtracted
from the data, which was provided by the MTA, using the
program of Malin and Barraclough (1981). Afterwards, the
data were interpolated to a square grid with spacing 2.5 km
and the matrix was 450×495 km2 (Dolmaz, 2004). Subse-
quently, the total ﬁeld aeromagnetic data were reduced to
the (north) magnetic pole using FFTFIL program (Hilden-
brand, 1983). The “reduced to pole” data contain both long
wavelength and small wavelength anomalies.
Spector and Grant (1970), analyzing statistical properties
of patterns of magnetic anomalies, have proven the rela-
tionship between the spectrum of observed anomalies and
depth of a magnetic source by transforming the spatial data
into frequency domain. Spector and Grant (1970)’s method
was based on the assumption that the sources were consid-
ered to be independent collections of rectangular vertical
prisms. For random magnetization, the radial average of
the power spectrum of magnetization is constant. Shuey et
al. (1977) suggested that the method of Spector and Grant
(1970) was more suitable for regional application of mag-
netic anomalies. Okubo et al. (1985) emphasize that the
rectangular prism is an appropriate geometry from which to
develop the necessary theory, not from a required geologic
model. The method used here resembles the methods of
Spector and Grant (1970) and Okubo et al. (1985), which
examine the spectral knowledge included in subregions of
magnetic data. Spector and Grant (1970) showed that the
expected spectrum of an ensemble model was the same as
that of a single prism with the average parameters for the
collection.
Brieﬂy, CPD (zb) is estimated in two steps as suggested
by Bhattacharyya and Leu (1975) and Okubo et al. (1985).
The ﬁrst is the depth to the centroid (z0) of the magnetic







= ln A − 2π |s|z0 (1)
where P(s) is the radially averaged power spectrum of the
anomaly, |s| is the wavenumber, and A is a constant. The
second step is the estimation of the depth to the top bound-
ary (zt ) of that distribution from the slope of the second




] = ln B − 2π |s|zt (2)
where B is a sum of constants independent of |s|. Then the
basal depth (zb) of the magnetic source is calculated from
the equation zb = 2z0 − zt . Bottom depth (zb) can only
be estimated if centroid (z0) can be accurately determined.
The obtained basal depth of a magnetic source is assumed
to be the CPD.
Consequently, the CPD estimates involve three stages as
follows:
1) division into overlapping square subregions,
2) calculation of the radially averaged log power spec-
trum for each subregion,
3) estimation of the CPD from the centroid and the top
depth estimated from the magnetic source for each subre-
gion.
3. Data Processing
The CPD of SW Turkey are determined from detailed
analyses of the aeromagnetic data. Many studies conﬁrming
derivation of the bottom depth from magnetic data stated
that long-wavelength anomalies necessarily originate only
from deep-seated sources. The CPD estimation requires
also the deepest magnetic sources. The azimuthally aver-
aged log power spectrum of the reduced to pole data was
then computed (Fig. 2). Major long wavelength compo-
nents arising from topography, regional features and mag-
netic core ﬁelds could affect the centroid depth estimates
(Okubo et al., 1985; Tsokas et al., 1998; Stampolidis and
Tsokas, 2002). Tanaka et al. (1999) suggest that CPD are
obtained from using wavelengths longer than 10 km. In
order to emphasize the effect of deep sources, the small
wavelength anomalies must be removed from the anomaly
data. For this purpose, a simple band-pass ﬁlter (full pass
10–65 km) was designed from the response function of the
power spectrum of the reduced pole data (Fig. 2) and was
applied to these data by using the FFTFIL (Hildenbrand,
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Fig. 5. The CPD map of the study area. Contours are drawn at 2 km intervals. The corresponding heat ﬂows calculated from the CPD data are given in
the scale bar. Dashed lines indicate the heat ﬂow contours calculated by Tezcan and Turgay (1989), while the italic numbers show heat ﬂow values
according to I˙lkıs¸ık (1995) and I˙lkıs¸ık et al. (1997). Locations of geothermal springs are also marked (modiﬁed from S¸ims¸ek, 2001). Abbreviations:
AAFZ, Afyon-Aks¸ehir Fault Zone; EFZ, Eskis¸ehir Fault Zone; TGB, Tuz Go¨lu¨ Basin; WAEP, West Anatolian Extensional Province; CAVP, Central
Anatolian Volcanic Province; CAOP, Central Anatolian Ova Province; K, Karacadag˘; H, Hasandag˘; M, Melendiz volcanoes. SCPD: shallow CPD,
DCPD: deep CPD. See text for explanation.
1983) again. The ﬁltered data used for the CPD estimation
are illustrated in Fig. 3.
The choice of the dimensions of square sub-blocks to
be used for estimating the CPD explained by Okubo et al.
(1985) implies that a minimum ratio of 12:1 and 13:1 of
block size to magnetic source is necessary for reasonable
estimates. On the other hand because of the limited depth
extent of crustal magnetization, magnetic anomalies at the
Earth’s surface are damped at long wavelengths. Areas of
the magnetic data must not exceed 100×100 km (Maus et
al., 1997). Owing to the long wavelength anomalies with
deepening sources and the large size of the study area (450
km×495 km), the ﬁltered data were divided into 80 over-
lapping blocks, each being 90×90 km in size, following
Okubo et al. (1985), Tsokas et al. (1998), and Stampolidis
and Tsokas (2002) (Fig. 3). Each block was overlapped ﬁfty
percent with the adjacent block.
We ﬁrst calculated the radially averaged log power
spectrum of each block utilizing once again the FFTFIL
(Hildenbrand, 1983). To estimate the centroid, z0, the spec-
trum divided by “|s|” of each block was drawn against the
wavenumber. z0 was then estimated from the slope of the
longest wavelength part of the spectrum. In the second step,
the spectrum was drawn against the wavenumber in order
to estimate the top depth, zt , from the second longest wave-
length part of the spectrum. Figure 4 shows examples of
the power spectrum of magnetic anomaly data of block 63
(see Fig. 3 for location of the block). From the centroid
depth of 10.3 km and the depth to the top of 2.9 km, the
CPD is calculated as 17.7 km for this block by means of the
Equation. The eighty estimates of the CPD of SW Turkey
range from 9 to 20 km below ground level. Figure 5 shows
the CPD map of SW Turkey which is constructed from the
CPD estimates by using the standard gridding routine.
4. Heat Flow Estimates from CPD
We compared our CPD estimations with the tectonic
setting, temperature gradient and heat ﬂow data in or-
der to test their accuracy. The E-W trending deep CPD
zone in the southern area is located beneath the Tauride
mountain range, where a few low heat ﬂow values (66
and 81 mWm−2) were measured previously based on sil-
ica geothermometry (I˙lkıs¸ık, 1995) and low heat ﬂow con-
tours (20–60 mWm−2) in Fig. 5 (Tezcan and Turgay, 1989).
The shallow CPD of about 9–11 km obtained from blocks
numbered 29, 30, 39, 40 are compatible with the tempera-
ture gradient data and high heat ﬂow. I˙lkıs¸ık et al. (1997)
found an average geothermal gradient of 6.8◦C/100 m in
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Fig. 6. Seismicity of the study area for the period 1964–2004 (after data IRIS). The CPD contours are plotted on the map for comparison. Location
of the cross-section in Fig. 7 is marked as a thin solid line. Abbreviations: WAEP, West Anatolian Extensional Province; CAVP, Central Anatolian
Volcanic Province; CAOP, Central Anatolian Ova Province; AAFZ, Afyon-Aks¸ehir Fault Zone; EFZ, Eskis¸ehir Fault Zone; TGF, Tuz Go¨lu¨ Fault;
TGB, Tuz Go¨lu¨ Basin. See text for explanation.
this area. They also found a high averaged heat ﬂow value
of 158±35 mWm−2 using both the silica and gradient tech-
niques in the CAVP. We found a high temperature gradient
of ca. 64◦C/km and high heat ﬂows of higher than ca. 112
mWm−2 from the CPD (Fig. 5). This area is dominated
by volcanic peaks belonging to the CAVP. These conﬁr-
mations show that our estimations are reasonable values for
the study area. More conﬁrmations will be discussed in the
Discussions and Conclusion sections of this paper.
Determination of CPD is one of the methods used to es-
timate temperature gradients in the crust. Thermal gradient
of each block is calculated assuming that rocks are dom-
inated by magnetite which has the Curie temperature of
580◦C. The thermal gradient data varying from 580/20 to
580/9◦C/km reveal high vertical temperature gradients in
SW Turkey.
We have correlated the estimated CPD and correspond-
ing geothermal gradient values and the previous heat ﬂow
data (Tezcan and Turgay, 1989; I˙lkıs¸ık, 1995; I˙lkıs¸ık et al.,
1997). We also calculated the corresponding heat ﬂow val-
ues using k = 2.12 W/m◦C, which is the mean thermal con-
ductivity inferred from the laboratory measurements on a
number of rock samples collected from the study area (Dol-
maz, 2004). I˙lkıs¸ık et al. (1997) obtained an approximate
effective thermal conductivity value of 2.106 W/m◦C in the
CAVP. The average thermal conductivity of 2.1 W/m◦C
was also used to calculate preliminary heat ﬂow values of
Turkey (Tezcan and Turgay, 1989). When preparing the cor-
responding heat ﬂow data, we used the heat ﬂow equation.
Locations of the Neogene volcanics, geothermal springs
and the Quaternary volcanoes are plotted on Figure 5 to
make comparisons with the CPD and heat ﬂow variations
across the region. Overall, there is a good correlation of the
known geothermal springs and the recently active volcanoes
with the positive thermal anomaly regions in SW Anatolia.
5. Correlation of Seismic Activity with Thermal
Structure of the Crust in SW Anatolia
The earthquakes that occurred during 1964 to 2004 were
plotted on the CPD variation map with an aim of compar-
ing the seismicity and the thermal structure of the study
area (Fig. 6). The earthquakes in the study area have been
investigated by several studies (Canıtez and U¨c¸er, 1967;
McKenzie, 1972; Eyidog˘an and Jackson, 1985; Ambraseys,
1988; Eyidog˘an, 1988; Taymaz and Price, 1992; Eyidog˘an
and Barka, 1996; Pınar, 1998). The seismic data were
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Fig. 7. A NW-SE trending cross-section showing the variation of CPD, topography and the hypocenters of the earthquakes that occurred between 1964
and 2004. Overall the CPD deepens towards the active margin of Eurasia, interpreted as the cooling affect of the subducting old crust. Note that the
thermal anomaly region is located between the two intense seismic zone and is characterized by a low seismic zone. See Fig. 6 for the location of the
cross-section.
taken from the IRIS (Incorporated Research Institutions for
Seismology) catalogues and the earthquakes of magnitude
greater than 3 were used only. Overall, the seismic activity
is conﬁned to narrow extensional fault zones in the WAEP
(approximately west of the longitude 32◦E; Fig. 6) but a
scatter is observed over a wide region in the CAOP. Dense
earthquakes in the Antalya area are of deep origin and are
thought to be associated with the northward subduction of
the African Plate (Fig. 7). There is hardly any seismic ac-
tivity within the Taurides between the longitudes of 32◦ and
34◦.
The E-W trending portion of the shallow CPD region
between Us¸ak and Afyon (SCPD1) lies in a low seismic-
ity zone (LSZ), which is between the two high seismic
activity zones of Dinar-Denizli in the south and Gediz in
the north (Fig. 6). The earthquakes near the town of Sul-
tandagı in SW Turkey occurred at the near east edge of the
inferred western thermal structure (SCPD1; Fig. 6). Fur-
thermore, the southern edge of the inferred western thermal
structure (SCPD1) has been damaged repeatedly by large
earthquakes (the earthquakes around the city of Dinar and
Denizli in Fig. 6). Earthquakes also occurred around the
city of Gediz and Eskis¸ehir close to the margin of the in-
ferred western thermal structure (SCPD1). It is interesting
to note that the NW-SE trending part of the shallow CPD re-
gion between Afyon and Ku¨tahya (SCPD1) cuts the AAFZ.
There is hardly any seismic activity in the overlap region
(SCPD1) while intense seismic activity has been recorded
on this fault zone beyond the overlap area (Fig. 6). Vertical
distribution of the focal depths of the earthquakes and po-
sition of the CPD are shown in a cross-section taken along
a 40 km wide, NW-SE trending proﬁle (Fig. 7). The cross-
section clearly shows the slab position and illustrates the
deep CPD (DCPD2) and weak heat ﬂow anomalies in the
south. To the north, the shallower CPD (SCPD1) estimates
of about 9–11 km (the higher heat ﬂow anomalies of ca.
112 mWm−2) are observed in the LSZ of Us¸ak-Afyon be-
tween the Gediz and Dinar towns, where intense earthquake
distributions are observed (Fig. 7).
6. Discussions
Figure 5 shows two shallow CPD regions, the one in
the west (SCPD1) is located in the WAEP and the other in
the east (SCPD2) is located beneath the CAVP. These two
inferred thermal anomaly regions are separated by a NNW-
SSE trending belt of deep CPD region (DCPD1) located
beneath the CAOP (Fig. 8). A local thermal dome is also
present to the SW of Konya (SCPD3). Southern part of the
study area (i.e. the Taurides) towards the active margin is
characterized by a cooler crust. In this section, we discuss
the CPD variations across SW Turkey and compare them
with previous geophysical data involving crustal structures
and seismicity.
a) Western Anatolian Extensional Province (WAEP)
The shallow CPD region in the WAEP (SCPD1) trends E-
W between Us¸ak and Afyon, but then bends sharply into
NW-SE direction between Afyon and Ku¨tahya and then
into NE-SW direction between Ku¨tahya and Eskis¸ehir. The
eastern edge of this shallow CPD region corresponds in
part to the AAFZ and the Eskis¸ehir Fault Zone (EFZ; in
Fig. 6). The shallow CPD region in the Us¸ak-Afyon zone
(SCPD1) is the eastern part of a larger thermal anomaly
region located between the Aegean Sea in the west to Us¸ak
in the east (Dolmaz et al., 2005). The size of this larger
thermal anomaly is more than 450 km in E-W and ca. 100
km in N-S directions.
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The lower crust at Us¸ak exhibits low velocities (ca. 3.5
kms−1) for the continental crust (Saunders et al., 1998).
These lower velocities suggest the presence of silica-rich
material in the lower crust beneath western Turkey (Saun-
ders et al., 1998). The shallow CPD ﬁeld in the WAEP of
the study area (SCPD1) is characterized by a thinner up-
per crust and a highly conductive lower crust (10 m) be-
neath. The top boundary of the conductive lower crust is
rather shallow in this area (Gu¨rer et al., 2001, 2004). The
resistivity model of northeast Japan by MT data sets shows
conductive zones under a geothermal ﬁeld, where the CPD
are shallow (Ogawa, 1992; Ogawa et al., 2001). Tanaka
et al. (1999) suggested that CPD estimates are shallower
than about 10 km at volcanic and geothermal areas. Hynd-
man and Shearer (1989) also pointed out a relationship be-
tween the top of the low resistivity area and surface heat
ﬂow. This conductive layer conforms well to our shallow
CPD of 9–11 km and shallow earthquake focal depths. The
shallow CPD area in the Us¸ak-Afyon zone (SCPD1) is in
good agreement with the depth to the top of the conductive
and low velocity lower crust. The shallow CPD estimates of
9–11 km (high heat-ﬂows) on the western part of the study
area (blocks numbered 12, 22, 23, 31, 32, 33 in Fig. 3) are
approximately correlated with hot water springs, important
geothermal ﬁelds and Upper Tertiary-Quaternary volcanics
(Fig. 5). The temperature of the top of the reﬂective lower
crust and the low electrical resistivity is about 300–450◦C
in the continental crust (Ito, 1999). It is interpreted that the
CPD might be placed very close to the top of the reﬂective
lower crust.
The transition from seismic to aseismic zones is inter-
preted as a thermal effect (Hyndman and Wang, 1993).
The seismic-aseismic boundary is also thought to be re-
lated to the brittle-ductile boundary in the crust (Kobayashi,
1976; Sibson, 1982; Doser and Kanamori, 1986; Ito, 1990;
Tanada, 1999). Although the seismic network of this area
is insufﬁcient to determine the seismogenic layer, the seis-
mogenic layer of the area (the Us¸ak-Afyon low seismicity
zone) between Dinar and Gediz seems to be rather shallow
and therefore may not accumulate enough stress for a large
earthquake to occur, instead deformation takes place in a
ductile manner (Fig. 7). Dense earthquakes seem to occur
in areas where the lateral gradients of the CPD are steep.
These areas may correspond to the boundaries between high
and low thermal regions of the crust. Thus, the variations in
the seismic activity may be closely related to thermal struc-
tures of the crust. Shallow cutoff depths of seismicity can
also be found in some geothermal areas in Japan. These
facts indicate that the changes in the thickness of the seis-
mogenic layer strongly depend on temperature (Ito, 1999).
b) Central Anatolian Volcanic Province (CAVP) The
eastern shallow CPD region (SCPD2) is located in near
the Aksaray area (Figs. 5 and 6). This area is a vast vol-
canic province of Neogene-Quaternary age, erupted on a
Cretecaeous metamorphic basement (the CAVP; Pasquare
et al., 1988; Toprak and Go¨ncu¨og˘lu, 1993; Le Pennec et
al., 1994; Tankut et al., 1998; Aydar and Gourgaud, 1998,
2002). The volcanic centers are great andesitic-basaltic
strato-volcanoes. Mount Hasan, Ciftlik and Melendiz near
Aksaray were active volcanoes in the recent geological peri-
ods. Mount Hasan is an andesitic strato-cone with a height
of 3253 m, whereas the average topography of the area is
about 1300 m. Moreover, many Quaternary volcanic cen-
ters are concentrated in a zone between Acıgo¨l and Nig˘de
(I˙lkıs¸ık et al., 1997). The shallow CPD estimates (and
corresponding high heat ﬂow anomalies of more than 112
mWm−2) in the eastern part of the study area (SCPD2) co-
incide with the site of this volcanism. This zone of shallow
CPD (high heat ﬂow) is also characterized by numerous hot
water springs. High regional heat ﬂow (143 mWm−2) is
observed in a borehole in the Ihlara Valley of the CAVP
(I˙lkıs¸ık et al., 1997). Using the method of Bullard (1939),
they also obtained an approximate value of 132 mWm−2 in
the same hole. The heat ﬂow map of Tezcan and Turgay
(1989) shows high heat ﬂow anomaly contours of 90–100
mW/m2 in the CAVP (Fig. 5). These heat ﬂow values are
well correlated with our corresponding high heat ﬂow val-
ues around the CAVP.
c) Alacadag˘ Area The local thermal dome in SW
Konya (SCPD3) is found beneath a small volcanic province
of Late Miocene-Pliocene age, termed the Erenlerdag-
Alacadag Massif (Keller et al., 1977). The Alacadag vol-
canic rocks represent arc-type, high-K calc-alkaline mag-
matism with a considerable crustal contamination (Temel
et al., 1998). Absence of Quaternary volcanoes in the Ala-
cadag area seems strange concerning the thermal dome un-
derneath. This small volcanic province is located ca. 130
km above the subducting slab of the African Plate. The slab
breaks off or disappears further NE since no hypocenter has
been detected. The vertical distance of 130 km is within
the range of depths that arc magmatism develops above a
subducting slab at many modern active margins (Isacks and
Barazangi, 1977; Fowler, 1990). Thus, the local thermal
dome to the SW of Konya (SCPD3) may indicate presence
of active, arc-type magma chambers, emplaced at shallow
levels in the crust at this locality.
d) Taurides The deep CPD (DCPD2) estimates in
southern part of the study area clearly coincide with the
Taurus Mountains. From inversion of the MT data of a NW-
SE proﬁle in SW Anatolia under the Taurus Mountains, a
very highly resistive (>2000 m) thicker upper crust is ob-
served while the lower crust is much thinner (Gu¨rer et al.,
2004). The deep CPD estimates between 15 and 20 km
(contrary to low heat-ﬂows at block numbers 52, 53, 62, 63,
72 in Fig. 3) are in good agreement with this high resistiv-
ity zone. In the southern part of the study area, Sn propa-
gates efﬁciently, indicating that cold lithosphere is present
beneath the Taurus Mountains (Go¨k et al., 2000). We think
that this area is inﬂuenced by the cooling effect of the sub-
ducting slab.
e) Central Anatolian Ova Province (CAOP) Be-
tween the two shallow CPD ﬁelds (SCPD1) in the WAEP
and (SCPD2) the CAVP, a 100 km wide belt of rela-
tively deep CPD region (about 15–17 km) extending ap-
proximately in a NNW-SSE direction (DCPD1) is present
(Fig. 8). This zone (DCPD1) is located between the lon-
gitudes of 32◦ and 34◦E within the CAOP and shows little
and dispersed seismic activity (Fig. 6). There is a thick (ca.
10 km) Neogene sedimentary basin (the TGB; Gu¨rbu¨z and
Evans, 1991) above this low heat ﬂow zone. This area has
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Fig. 8. Schematic geological cross-section and CPD variation across SW Turkey between Us¸ak and Aksaray. Abbreviations: WAEP, West Anatolian
Extensional Province; CAVP, Central Anatolian Volcanic Province; CAOP, Central Anatolian Ova Province; FBFZ, Fethiye-Burdur Fault Zone; TGF,
Tuz Go¨lu¨ Fault; ITSZ, Inner-Tauride suture zone. See text for explanation.
been tectonically less active and in general has had little or
no intrusive or extrusive activity, although nearby the CAVP
was the site of voluminous Neogene-Queternary volcanic
activity. Low heat ﬂow anomaly contours of 40–70 mW/m2
are present in this area (Fig. 5; Tezcan and Turgay, 1989).
The NNW-SSE trending low heat ﬂow zone (DCPD1)
separates the seismically active extensional province to the
west from the compressional province to the east. Palaeo-
magnetic data on the Neogene volcanics on both sides of
this zone indicates anti-clockwise rotations in the west and
clockwise rotations in the east of this region (Gu¨rsoy et al.,
2003). A zone of weakness accommodating the differential
block rotations must be present underneath the TGB (Fig. 5
and 6). The Late Mesozoic-Early Tertiary Inner-Tauride su-
ture zone (S¸engo¨r and Yılmaz, 1981) is the most obvious
weakness zone in this area. This suture zone is now mainly
buried under the deposits of the TGB. Thermal cooling of
this zone can be attributed either to crustal thickening, in-
herited from the Tertiary times, or to rapid subsidence re-
lated to deposition of the TGB sediments.
We think that while the Miocene to recent crustal exten-
sion culminated in formation of a thermal dome (SCPD1) in
the west, the un-extended region towards the east remained
colder. Magmatism in Quaternary beneath the CAVP re-
sulted in formation of the second thermal dome (SCPD2) in
the easternmost area by emplacement of the melts at shal-
low crustal levels. The volcanoes in this region were fed
by these shallow magma chambers (Aydar and Gourgaud,
1998, 2002). Thus, the area between the extended region
and the thickened region (i.e. the CAVP) remained colder.
Deposition of 10 km-thick sediments in the subsiding TGB
further contributed to depression of the CPD (Fig. 5 and 6).
The CPD may have been much deeper in the recent geolog-
ical past in this area and the present CPD may only reﬂect
a stage in which the crust is trying to reach a thermal re-
equilibrium.
In summary, perturbations in thermal structure of the
crust in SW Turkey are governed by the tectonic setting
and associated magmatism. Both the litospheric thinning
and post-collisional magmatism appear to create a similar
thermal structure, but the size of the thermal anomalies
created may vary considerably.
7. Conclusion
Spectral analysis of the aeromagnetic data was used, in
this study, to infer thermal structure of the crust in SW
Turkey. Two regional and one local shallow CPD zones
were found. The two regional thermal domes are located
in the west and east of the study area and are separated
by a zone of NNW-SSE trending deep CPD. N-S lito-
spheric stretching and associated upwelling of astenosphere
are responsible for generation of the western thermal dome
in Western Anatolia. Comparison of the thermal structure
with the seismic activity indicated that low seismicity zones
within high seismicity regions are characterized by hotter
crust and higher heat ﬂows. Major earthquakes of exten-
sional and/or strike-slip origin occur only along the steeper
margins of regional thermal domes.
The eastern thermal dome is located in the Central Ana-
tolian Volcanic Province. Several Quaternary volcanoes are
located in this area, forming summits of >3000 m above
sea level. The Central Anatolian Volcanic Province shows
little seismicity, indicating low internal deformation of the
crust. The eastern thermal dome is thought to be related to
presence of silicate melts of crustal origin in the shallower
levels of the thickened crust in Central Anatolia.
A local thermal dome is found beneath a Neogene vol-
canic province in Alacadag˘ area. Although there is not an
active volcano in this area, a location of 130 km above the
present subducting slab suggests that arc-type silicate melts
may have emplaced at shallow crustal depths at this loca-
tion.
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The deep CPD region separating the west and east
thermal domes is located in the Central Anatolian Ova
Province. A crustal zone of weakness may be present in
this area, beneath the large Neogene sedimentary basin ﬁll.
Crustal thickening and/or rapid subsidence is thought to
be responsible from thermal cooling along this zone. The
Tauride belt in the southern part of the study area is rep-
resented by deep CPD. This area is close to the African-
Eurasian collision zone, represented by Cyprus-Hellenic
trench. Cooling affect of the subducting slab is thought to
be dominating factor in governing the thermal structure of
the crust beneath the Taurides.
This study has shown that both tectonics and magmatism
play an important role in generating the thermal structure of
the crust above subduction zones. The Curie isotherm may
shallow up to similar depths during an extensional event
or during emplacement of silicate melts at shallow crustal
levels. However, the sizes of the resulting thermal domes
vary considerably. Presence of regional thermal domes is
thought to aid rapid lithospheric stretching and associated
crustal thinning as in the case of Western Anatolia.
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